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METHOD AND APPARATUS FOR
MONITORING THE POSITION OF A
MACHINE

TECHNICAL FIELD

The present invention relates generally to monitoring the
operation of an earth moving machine, and more
particularly, to a method and apparatus for determining and
reporting the position and time of operation of a machine.

BACKGROUND ART

In some working environments, a dealer will purchase
carth moving machines and rent them to various operators,
such as mine operators. The operators may work 1n a variety
of locations throughout a country, or the world. The dealers
may desire to track the movement of the rented earth moving
machines. For example the dealer may desire to know when
the machine 1s entering a service area so the appropriate
service personnel may be alerted and ready for the machine.
In addition mine site operators may want to track the
operation of the machine across the mine site, making sure
the machine operates in designated areas. In addition, deal-
ers and mine site operators may desire to track the time of
operation of the vehicle. For example, 1f a normal work shaft
1s seven a.m. to five p.m. and the machine 1s started and
operated at two a.m., then the machine may be 1n the process
of being stolen. In addition, if the machines position leaves
a designated area, the machine may be 1n the process of
being stolen. Current systems are unable to provide a
remotely reconfigurable position and time of operation
monitoring capability that integrates the machines, remote
data facilities and end-users.

The present invention 1s directed to overcome one or more
of the problems set forth above.

DISCLOSURE OF THE INVENTION

In one aspect of the present invention, a method for
monitoring the operation of a mobile machine 1s disclosed.
The machine 1ncludes a mobile communicator adapted to
communicate with a remote monitoring station. The method
includes the steps of receiving a configuration message from
the remote monitoring station via a wireless communication
link, comparing at least one of a current machine position to
the configuration message and a current machine time of
operation to the configuration message, and sending an
alarm message to the remote monitoring station in response
the comparison.

In another aspect of the present mnvention, a method for
monitoring the operation of a mobile machine 1s disclosed.
The machine includes a mobile communicator adapted to
communicate with a remote monitoring station. The method
includes the steps of receiving a configuration message from
the remote monitoring station via a wireless communication
link, the configuration message imcluding at least one of a
geographic data packet and a time data packet, comparing a
current machine position to the geographic data packet,
comparing a current machine time of operation to the time
data packet, and sending an alarm message to the remote
monitoring station in response to either the position com-
parison or the time of operation comparison.

In yet another aspect of the present mmvention, a system
adapted to monitor the operation of a mobile machine 1s
disclosed. The system includes a remote monitoring station
adapted to generate a configuration message, a mobile
communicator adapted to receive the configuration message
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and responsively compare at least one of a current machine
position to the configuration message and a current machine
fime of operation to the configuration message, and send an
alarm message to the remote monitoring station in response
the comparison, and a wireless communication link adapted
to deliver the configuration message from the remote moni-
toring station to the mobile communicator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1llustration of one embodiment of a mobile
monitoring system;

FIG. 2 1s an illustration of one embodiment of a mobile
communicator;

FIG. 3 1s an 1llustration of one embodiment of a method
for monitoring the operation of a mobile communicator; and

FIG. 4 1s an 1llustration of one embodiment of a mobile
communicator.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention provides a method and apparatus
for monitoring the operation of a mobile machine. FIG. 1 1s
an 1llustration of one embodiment of a mobile machine
monitoring system 102. The system 102 includes a mobile
communicator 106, located with a machine 104, and adapted
to communicate with a remote monitoring station 108. In the
preferred embodiment, the machine 104 1s an earth moving
machine, however, the mvention 1s equally applicable to
other applications and machines such as generator sets,
pumps, and stationary and marine engine applications.

The mobile communicator 106 1s located with the
machine 104 to be monitored. FIG. 2 illustrates one embodi-
ment of a mobile communicator 106. In one embodiment,
the communicator 106 1s electronically connected, ¢.g., via
a machine interface 202, to the machine 104 in order to
receive power from the machine 104, and transter machine
related information to and from the machine 104. In the
preferred embodiment, the mobile communicator 106 may
include a position determining system 204. The position
determining system may include a GPS receiver and asso-
cilated hardware and software, for receiving and determining
machine location related information. Based on the location
information, the mobile communicator 106 may determine
the location of the machine 104. Alternatively, the position
determining system 204 may be located on the machine 104,
and the machine location information delivered to the
mobile communicator 106 as needed.

The mobile communicator 106 includes a wireless data
link transceiver 206 to communicate with a remote moni-
toring station 108, via a wireless communication link. In the
preferred embodiment, the wireless communication link
includes a satellite data link. Alternatively, or in conjunction
with the satellite data link, the wireless communication link
may 1nclude a cellular telephone communication link, radio
link, or any wireless transceiver device and associated data
link. In one embodiment, the mobile communicator 106 may
include a local data link for access by service personnel. The
mobile communicator 106 includes a real time clock 208
from which the time of day and date may be determined.

The mobile communicator 106 also includes a controller
210. The controller 210 1s adapted to receive configuration
messages from the remote monitoring station 108, position
information from the positioning system 204, time informa-
tion from the real time clock 208, and responsively monitor
the position and time of operation of the machine 104, set an
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alarm 1n response to the monitoring when appropriate, and
deliver monitoring information to the remote monitoring
station 108.

The remote monitoring station 108 1s adapted to commu-
nicate with the mobile communicator 106 via the wireless
communication data link. Examples of a remote monitoring
station 108 1nclude a call-center, a corporate office, a cus-

tomer office, or other fixed or mobile offices capable of
communicating and processing machine information. In
addition, 1n the preferred embodiment, the remote monitor-
ing station 108 1s adapted to communicate with a remotely
located end-user. Examples of end users includes, equipment
owners, equipment operators, contractors, rental fleet
managers, service/maintenance department managers, and
security departments. The remote monitoring station 108
may 1nclude one or more computer workstations networked

together for communicating with the mobile communicators
106 and the end-users.

FIG. 3 illustrates one embodiment of the method of the
present 1nvention. The present mvention includes a method
for monitoring the operation of a mobile machine 104. The
method includes the steps of receiving a configuration
message, having at least one of a geographic data packet, a
fime data packet, or both, from the remote monitoring
station via a wireless communication link, wherein the
geographic data packet i1dentifies at least one monitoring
region, and the time data packet includes a desired time of
operation of the machine, comparing a current machine
position to the monitoring region, comparing a current
machine time of operation to the desired time of operation,
and sending an alarm message to the remote monitoring
station 1n response to either the position comparison or the
fime of operation comparison.

In a first control block 302, a configuration message 1s
generated by the remote monitoring station 108 and received
by the mobile communicator 106. In one embodiment, the
end user sets up the configuration message and delivers the
message to the remote monitoring station 108. Alternatively,
the end user may deliver a partial configuration packet to the
remote monitoring station 108. The remote monitoring sta-
tion 108 may complete the packet by, e.g., providing the
necessary formatting, or providing default packet configu-
ration 1nformation when needed. The configuration message
includes a geographic data packet, a time data packet, or
both. In the preferred embodiment, the geographic data
packet identifies at least one monitoring region, and may
include an associated activation time and a deactivation time
for each region. The activation and deactivation time may
identily the desired time range during which the machine
position 1s to be monitored. For example, the activation and
deactivation time could identify an activation date and time
of day, and a deactivation date and time of day. The position
may be monitored when the current time of operation falls
after the activation time and before the deactivation time. In
addition, each region to be monitored may have an associ-
ated 1ndicator for determining whether the communicator
106 1s to perform inclusion monitoring or exclusion moni-
toring for the specified region. Inclusion monitoring
includes determining 1f the machine 104 has left the speci-
fied monitoring region. In one embodiment, a desired region
for the machine to be located during inclusion monitoring 1s
within the specified monitoring region. Exclusion monitor-
ing 1ncludes determining 1f the machine 104 has entered the
specified monitored region. In one embodiment, a desired
region for the machine to be located during exclusion
monitoring, 15 the region outside the specified monitoring
region.
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In the preferred embodiment, each specified monitoring
region of the geographic data packet includes a center point,
¢.g., a latitude and a longitude, and a radius. The center point
and radius define the region to be monitored. In an alterna-
five embodiment, the geographic packet may include a
radius, without a center point. The center point for the region
to be monitored may be defined by the mobile communica-
tor 106 as the current position of the mobile communicator
106 at the time the geographic packet 1s received. In another
embodiment, a predefined table of monitoring regions and
the monitoring type of each region, e.g., inclusion or exclu-
sion monitoring, may be downloaded to the mobile com-
municator 106 m advance. Each region may have an asso-
clated 1dentifier, or label. The remote monitoring station 108
may then select a region to be monitored via an end-user
input, and deliver the region identifier to the mobile com-
municator 106. The communicator 106 will access a locally
stored region table to determine the region to be monitored
based on the identifier.

The time packet includes the desired time of operation for
the machine 104. For example, the time packet may include:
the start of working day, end of working day, and the
working day(s) of the week, e.g., Monday through Friday. In
an alternative embodiment, the time packet may also imnclude
an activation time and a deactivation time within which the
fime of operation 1s to be monitored.

When a configuration message has been received by the
mobile communicator 106 the monitoring may begin. A
determination 1s made as to whether the machine position 1s
to be monitored. In one embodiment, 1n a first decision block
304, the current time of operation 1s determined. If the
current time of operation 1s between the activation and
deactivation time for a specified region, then the region will
monitored. If the current time falls within the activation and
deactivation time for more than one region, then each region
will be monitored. If there 1s a region to be monitored, then,
in a second control block 306, the current position of the
machine 104 is determined. For example, the current posi-
fion as determined by the positioning system may be uti-
lized. In a second decision block 308, the current position
may be compared with the specified region to be monitored.
In one embodiment, a position event 1s said to occur 1if the
current position does not lie within the desired region
associated with the monitored region. If the current position
1s not within the desired region, then, 1n a third control block
310, a position alarm may be set. For example, 1f inclusion
monitoring 1s being performed for a particular monitoring
region, then the current position 1s compared with the
monitoring region to determine 1f the machine 104 1s outside
the region. If the machine 104 1s outside the monitoring
region, then an alarm 1s set. The current position 1s compared
with each of the active monitoring regions to determine if
the machine has crossed any of the boundaries as defined by
the regions. If any of the regions have been crossed then a
position alarm 1s set.

In a third decision block 312, a determination 1s made as
to whether the time of operation i1s to be monitored. For
example, 1f the received configuration message includes a
time data packet, then, in one embodiment, a monitor time
flag may be set. If no time data packet 1s included then the
time flag may be disabled. If the monitor time flag 1s set, or
enabled, then 1n a fourth decision block 314, a determination
1s made as to whether the machine is running, or operating.
In the preferred embodiment, the machine’s battery charging
mechanism (not shown) may be monitored to determine if
the machine 104 1s operating. If the battery i1s charging, then
the machine 104 1s running. Other methods of detecting
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whether the machine 104 is running include monitoring the
battery voltage, o1l pressure, or the keyswitch state. If the
machine 1s running, then 1n a fourth control block 316, the
current time of operation 1s determined. The time of opera-
tion preferably includes the time of day and the date of
operation. In a fifth decision block 318, the current time of
operation may be compared with the desired time of opera-
tion. If the machine 1s running, and the current time of
operation 1s not within the desired time of operation of the
machine, then a time alarm may be set, 1n a fifth control

block 320.

In a sixth control block 322, a determination 1s made as
to whether any alarms have been set, €.g., a time alarm or
position alarm. In one embodiment, the 1nitial occurrence of
cach alarm may be reported immediately to the remote
monitoring station 108. For example, 1f a position alarm has
been set, then the mobile communicator 106 may send a
message to the remote monitoring station 108, indicating the
current position of the machine 104, and the monitoring
region that the machine 104 has crossed. If a time alarm has
been set, then the mobile communicator 104 may send a
message to the remote monitoring station 114, indicating the
current time of operation, and the desired time of operation
of the machine 104. In the preferred embodiment, subse-
quent alarm messages for the same event will not be sent
until the alarm has been reset by a message received from
the remote monitoring station 114. In one embodiment, 1f
daily reports are sent to the remote monitoring station 114,
the reports will indicate the alarm is set. In an alternative
embodiment, when an alarm 1s set, an alarm could be sent on
a periodic basis, €.g., hourly. For example, during inclusion
monitoring, if a machine 104 leaves a monitored region, a
position alarm may be set. In the preferred embodiment, the
position alarm will not be reset until the machine 104 has
re-entered the monitored region. Therefore, the alarm will be
reported when 1t initially occurs, and 1n any daily reports that
are sent from the mobile communicator 106, until the alarm
1s reset. Possible methods of resetting the alarm include
Issuing a command to the mobile communicator 106 from
the monitoring station 108, resetting the message through a
local data port by an authorized personnel, having a timer
based expiration of the alarm, or letting the mobile commu-
nicator 106 reset the alarm with the condition no longer
exists. For example, when the machine 104 moves back
within the desired monitoring region, the alarm may be
reset. In an alternative embodiment, an alarm message may
be sent cach time the machine 104 is started when the
current time of operation i1s outside the desired time of
operation. Alternatively the alarm message may be sent
periodically, e.g., hourly, until the message has been reset or
the 1ssue 1s resolved, e.g., the machine returns to the desired
monitoring region.

The end-user may be nofified when an alarm message has
been received by the remote monitoring station 108. An end
user may coniigure a reaction table identifying the type of
action or notification the end user desires when a regular
report or alarm 1s received from a particular machine. In
addition, the end-user may configure a different notification
time, action, or method for each machine 104.

In an alternative embodiment, the geographic data packet
and the time of operation data packet may be combined such
that each region to be monitored may include an activation
and deactivation time, and the desired time of operation of
the vehicle. Therefore, as the machine 104 operates in
different monitoring regions, the specific work hours of that
region may be accounted for.

The position and/or time monitoring may be performed
continuously when a configuration packet i1s received, or
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periodically, or when designated events occur, €.g., the
machine 1s started and 1s running.

In one embodiment, as 1llustrated 1n FI1G. 4, a display 402
may be associated with the mobile communicator 106. The
display 402 may receive one or more monitoring regions and
the current machine position. The display 402 displays the
current machine position relative to at least one of the
monitoring regions. For example, an 1con of a work machine
may be used to 1illustrate the position of the machine. The
boundary of the monitoring region may also be 1llustrated,
¢.g., a circle 1llustrating a radius of a monitoring region. In
addition, the monitoring region may change colors, or flash,
when the controller 210 determines that the machine has
crossed the border of the monitoring region. In one
embodiment, the position monitoring display may be one of
several displays which an operator may select for viewing.

In an alternative embodiment, the display 402 may be
assoclated with the remote monitoring station 108, or an
end-user.

Industrial Applicability

The present mvention mcludes a method and apparatus
for determining and reporting the arrival or departure of a
machine 104 from a specified region, and for determining
and reporting the operation of the machine 104 outside of
desired time of operation, to a remote monitoring station
108. The machine 104 includes a mobile communicator 106
adapted to communicate with the remote monitoring station
108. The method includes the steps of receiving a configu-
ration message, having at least one geographic data packet,
a time data packet, or both, from the remote monitoring
station via a wireless communication link, wherein the
cgeographic data packet 1dentifies at least one monitoring
region, and the time data packet includes a desired time of
operation of the machine, comparing a current machine
position to the monitoring region, comparing a current
machine time of operation to the desired time of operation,
and sending an alarm message to the remote monitoring,
station 1n response to either the position comparison or the
fime of operation comparison.

In one embodiment, the remote monitoring station 104
initializes the setup process by sending a configuration
message prepared by the end-user to the mobile communi-
cator 106. The ability to communicate the configuration
message over a wireless data link enables a mobile com-
municator 106 associated with a particular machine 104 to
be quickly and easily reconfigured remotely as the machine
104 changes work sites, working shifts, or rentors.

The configuration message may include information
regarding one or more specified regions to be monitored, and
a desired time of machine operation to be monitored, e.g., an
activation time and a deactivation time. Therefore, when the
current time 1s between an activation and deactivation time,
then the machine position may be monitored with the
specified monitoring regions. If the current position of the
machine 106 1s outside the monitoring region during inclu-
sion monitoring, for example, then an alarm may be set. If
the current position of the machine 106 1s 1inside the moni-
toring region during exclusion monitoring then an alarm
may be set. For example, 1f an end-user has several service
arcas, then the present invention can notity the end-user of
the arrival of the machine 104 at any of the service areas by
specilying the geographical area of each service areca and
utilizing exclusion monitoring.

The time of operation of the machine 104 may be moni-
tored to determine 1f the machine 104 is operating during the
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desired time of operation, e.g., the working hours of the
work days. If the machine 104 1s determined to be working,
outside of the desired time of operation, an alarm may be set
and sent to the remote monitoring station 108. A reaction
table may be configured by the end user to notily the
end-user of the report or alarm 1n a desired manner. For
example, 1n the event of a time of operation alarm, the alarm
may be forwarded to an on-shift security officer of a security
department 1dentified by the end-user.

Other aspects, objects, advantages and uses of the present
invention can be obtained from a study of the drawings,
disclosures and appended claims.

What 1s claimed 1s:

1. A method for monitoring the operation of a mobile
machine, the machine including a mobile communicator
adapted to communicate with a remote monitoring station,
comprising the steps of:

receiving a conflguration message from the remote moni-
toring station via a wireless communication link, said
confliguration message 1ncluding at least one of a geo-
oraphic data packet and a time data packet, said geo-
ographic data packet 1identifying at least one monitoring
region, and said time data packet including a desired
time of operation of the machine;

comparing at least one of a current machine position to
said monitoring region and a current machine time of
operation to said desired time of operation; and

sending an alarm message to the remote monitoring,

station 1n response said comparison.

2. A method, as set forth in claiam 1, wherein said
geographic data includes a monitoring activation time and a
monitoring deactivation time associlated with each of said
monitoring regions, said monitoring position being moni-
tored between said activation time and said deactivation
fime.

3. A method, as set forth in claim 2, wherein each said
monitoring region includes an associated monitoring type,
said monitoring type including one of an exclusion moni-
toring indicator and an inclusion monitoring indicator.

4. A method, as set forth m claim 3, wherein said
gecographic data includes a radius for each of said monitor-
Ing regions.

5. A method, as set forth mm claim 4, wherein said
gecographic data includes a center point for each of said
monitoring regions, further comprising the step of determin-
ing said monitoring region 1n response to said center point
and said radius.

6. A method, as set forth 1n claim 4, further comprising the
step of determining said monitoring region in response to
said radius, and said current position of said machine.

7. A method, as set forth 1n claim 4, further including the
step of notifying an end-user of an alarm 1n response to the
remote monitoring station receiving one of a time of opera-
fion alarm and a monitoring region alarm.

8. A method, as set forth in claim 7, wherein the step of
notifying said end-user includes the step of delivering one of
an e-mail, a facsimile, a page, and a visual indicator to said
end-user.

9. A method, as set forth 1in claim 8, wherein the step of
notiftying said end-user includes the step of accessing a
reaction table, said reaction table including and end-user
identifier and a end-user defined notification technique.

10. A method, as set forth in claim 9, including the step
of delivering a partial configuration packet to said remote
monitoring station from said end-user, said partial configu-
ration packet including at least one of said geographic
packet and said time of operation packets.
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11. Amethod, as set forth 1n claim 9, wherein said wireless
communication media includes one of a satellite communi-
cation link and a cellular telephone link.

12. A method, as set forth 1n claim 11, wherein the step of
comparing said current position includes the steps of:

setting an alarm when said current position 1s outside said
monitored region and said inclusion monitoring 1s
being performed; and

setting said alarm when said current position 1s 1nside said
monitored region and said exclusion monitoring 1s
being performed.

13. A method, as set forth 1n claim 12, further including
the step of resetting said alarm 1n response to one of a reset
message from a local data port message, a reset message
from said remote monitoring station, a timer based
expiration, and a position based resetting.

14. A method as set forth 1n claim 12, including the steps
of:

resetting said alarm when said current machine position 1s
inside said monitored region and said inclusion moni-
toring 1s being performed; and

resetting said alarm when said current machine position 1s

outside said monitored region and said exclusion moni-
toring 1s being performed.

15. A method, as set forth in claim 14, wherein the step of

comparing said current time of operation includes the steps

of:

determining 1f said machine i1s running; and

setting an alarm when said current time of operation 1s
outside said desired time of operation and said machine
1S running.

16. A method as set forth 1n claim 15, including the step
of resetting said alarm when said machine 1s not running.

17. A method, as set forth 1n claim 15, including the step
of displaying said monitoring region and said current
machine position to an operator.

18. A method, as set forth in claim 17, wherein said
operator 1s one of an on-board operator, a remote operator,
and an end-user.

19. A method for monitoring the operation of a mobile
machine, the machine including a mobile communicator
adapted to communicate with a remote monitoring station,
comprising the steps of:

receiving a configuration message from the remote moni-
toring station via a wireless communication link, said
conflguration message ncluding at least one of a geo-
oraphic data packet and a time data packet;

wherein said geographic data packet 1dentifies at least one
monitoring region;

wherein said time data packet includes a desired time of
operation of the machine;

comparing a current machine position to said monitoring,
region;

comparing a current machine time of operation to said
desired time of operation; and

sending an alarm message to the remote monitoring,
station 1n response to one of said position comparison
and said time of operation comparison.

20. A system adapted to monitor the operation of a mobile

machine, comprising:

a remote monitoring station adapted to generate a con-
figuration message, said message mncluding at least one
of a geographic data packet and a time data packet, said
geographic data packet identifying at least one moni-
toring region, and said time data packet identifying a
desired time of operation of the machine;
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a mobile communicator adapted to receive said configu-
ration message and responsively compare at least one
of a current machine position to said monitoring region
and a current machine time of operation to said desired
time of operation, and send an alarm message to said

remote monitoring station 1n response said comparison,;
and

a wireless communication link adapted to deliver said
conflguration message from said remote monitoring
station to said mobile communicator.

21. A system, as set forth in claim 20, wherein said
geographic data includes a monitoring activation time and a
monitoring deactivation time associated with each of said
monitoring regions, said monitoring position being moni-
tored between said activation time and said deactivation
fime.

22. A system, as set forth 1n claim 21, wherein each said
monitoring region 1ncludes an associated monitoring type,
sald monitoring type including one of an exclusion moni-
toring mdicator and an inclusion monitoring 1ndicator.

23. A system, as set forth in claim 22, wherein said
ogeographic data includes a radius for each of said monitor-
Ing regions.

24. A system, as set forth in claim 23, wherein said
geographic data includes a center point for each of said
monitoring regions, and wherein said mobile communicator
1s adapted to determine said monitoring region in response
to said center point and said radius.

25. A system, as set forth 1n claim 23, wherein said mobile
communicator 15 adapted to determine said monitoring
region 1n response to said radius and said current position of
said machine.

26. A system, as set forth 1in claim 23, wherein said remote
monitoring facility 1s adapted to deliver an end-user notifi-

10

15

20

25

30

10

cation to an end-user 1n response to receiving one of a time
of operation alarm and a monitoring region alarm from said
mobile communicator.

27. A system, as set forth 1 claim 26, wherein the step of
notifying said end-user includes delivering one of an e-mail,
a facsimile, a page, and a visual indicator to said end-user.

28. A system, as set forth 1n claim 27, wherein the step of
notifying said end-user includes accessing a reaction table,
said reaction table including and end-user identifier and a
end-user defined notification technique.

29. A system, as set forth 1n claim 20, wheremn said
wireless communication media includes one of a satellite
communication link and a cellular telephone link.

30. A system, as set forth 1n claim 28, wherein said mobile
communicator 1s further adapted to set an alarm when said
current position 1s outside said monitored region and said
inclusion monitoring 1s performed, and

set said alarm when said current position i1s mside said
monitored region and said exclusion monitoring 1s
performed.
31. A system, as set forth in claim 20, further comprising
a display in communication with said mobile communicator,
said display being adapted to receive and display at least one
said monitoring region and adapted to receive and display
said current machine position.
32. A system, as set forth in claim 20, further comprising
a display 1n communication with said remote monitoring,
station, said display being adapted to receive and display at
least one said monitoring region and adapted to receive and
display said current machine position.
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